packaged in Arc capsids) could go one step further in the mimicry of retroelement life cycle and act as a template for endogenous reverse transcriptase (RT). The 3 0 untranslated region, which appears important at least for Drosophila Arc protein-mRNA interaction, has been proposed to control RT binding of other retrotransposon RNAs (Grechishnikova and Poptsova, 2016) . In Drosophila, transcripts of another bona fide LTR retrotransposon, copia, are found in the same extracellular vesicle preparations that contain Arc (Ashley et al., 2018) . While there is no direct evidence for Arc mRNA interaction with RT, the multiple duplication events in the fly lineage as documented in Pastuzyn et al. (2018) , in addition to the apparent duplication of a portion of the Drosophila Arc gene within the last 40 years, suggest that mechanisms promoting the duplication of the Arc gene may exist. Whether these duplications represent retro-duplications or not is therefore a critical question. If they are, this could have important implications on neuronal somatic mosaicism and perhaps even revive interest in Darwin's concept of gemmules.
In conclusion, these papers reveal a new means of synaptic communication with genetic information transmitted through extracellular vesicles of retrotransposon origin, highlighting the astonishing contribution of retroelements to even the most complex physiological functions of multicellular organisms and raising new potential mechanisms for biological information consolidation. Imakawa, K., Nakagawa, S., and Miyazawa, T. (2015) . Baton pass hypothesis: successive incorporation of unconserved endogenous retroviral genes for placentation during mammalian evolution. Genes Cells 20, 771-788.
Irie, M., Yoshikawa, M., Ono, R., Iwafune, H., Furuse, T., Yamada, I., Wakana, S., Yamashita, Y., Abe, T., Ishino, F., and Kaneko-Ishino, T. (2015 Psychiatric genetic studies have drawn associations between human cognitive traits and noncoding genomic variants. However, the mechanistic effects of these variants are unclear. By weaving in strands of genomic data from developing human brains, de la Torre-Ubieta et al. tie disease-associated loci to functional enhancers, target genes, and putatively affected cell types.
Over the last few years, large-scale human psychiatric genetics studies have produced remarkable associations between cognitive traits and blocks of common, noncoding genomics variants.
However, determining when, where, and which of the variants in these blocks alter gene expression-let alone which genes are impacted-have been major roadblocks to mechanistically understanding the reported associations. In this issue of Cell, de la Torre-Ubieta et al. (2018) demonstrate that by weaving together various data sources from developing human brain, trait-and disease-associated loci can be linked back to functional enhancers and their target genes. Their results further highlight a specific timeearly development-and specific regions that may be important. These include regions with progenitor cells of the human cortex, cells which are distinctly expanded in humans compared to other species (Rakic, 2009) .
During cortical neurogenesis, two distinct embryonic layers form: an outer layer of differentiating neurons in the cortical plate (CP), atop the neural progenitor/radial glia-rich germinal zone (GZ). de la Torro Ubieta et al. report implementing assay for transposaseaccessible chromatin using sequencing (ATAC-seq) to define differentially accessible chromatin between the two layers from developing human brain. Building on the insight that promoters and distal enhancers regulating the same gene will show correlations in chromatin accessibility (by ATAC-seq), the authors interwove gene expression data (by RNA-seq [RNA sequencing]) and maps of physical interactivity (by Hi-C [chromatin conformation capture sequencing]) (Won et al., 2016) to both identify regulated enhancers and robustly link them to their target genes. Combining these threads created a tapestry predicted distal regulatory elements for specific and essential genes in neural development (Figure 1 ). These predictions were elegantly validated in two instances using CRISPR to target predicted distal enhancers of genes implicated in cortical neurogenesis: EOMES (Arnold et al., 2008; Sessa et al., 2008) and FGFR2 (Stevens et al., 2010) . These enhancer deletions reduced expression of the predicted target genes and altered the developmental course of human neural progenitor cells in vitro. Importantly, mutating these enhancers specifically impacted the distal EOMES and FGFR2 genes, rather than more proximal genes. This highlights the fact that the commonly used heuristic of ''nearest gene'' often misattributes the functional role of an enhancer or genetic variant.
The ability to link specific enhancer regions to the genes they regulate is clearly important for understanding the evolution of human brain development and interpreting variations found in disease. For example, the same EOMES enhancer is part of a chromosomal translocation that results in microcephaly (Baala et al., 2007) . These clinical genetic findings emphasize the importance of-and validate cross-weaving of RNA-seq, ATACseq, and Hi-C in prioritizing-regulatory elements in controlling neurodevelopmental gene expression. Likewise, the ability to link specific genes to enhancers containing common variants associated with cognitive features is key for making biological inferences from the discoveries of psychiatric genome-wide association studies (GWAS). Strikingly, the authors show that differentially accessible regions, often those more open in the GZ, are strongly enriched for noncoding variation associated with both youth-and adult-onset psychiatric disorders (attention-deficit hyperactivity disorder and schizophrenia and major depressive disorder, respectively). These findings suggest that even the later-onset disorders may be influenced by gene dysregulation in neural progenitors of the GZ, setting up developmental differences in the brain that manifest as disease long after the functional variant has acted.
To further explore this hypothesis, more chromatin-based research and crossmodality integration of resulting datasets is merited. For example, as pointed out by the authors, the primary progenitor populations (radial glia) share many expressed genes, and presumably active enhancers, with adult glia. Thus, some genetic influences of cognitive and behavioral traits may be mediated through either or both cell types. Generation of additional chromatin conformation and accessibility data across a range of ages and cell types-especially glia-may be informative in disentangling the developmental timepoints and cell types affected by such regulatory variants. Likewise, the authors suggest that the differentially accessible regions might be essential to the evolution of human brain, as they overlap what are termed human gained enhancers (HGEs) (Reilly et al., 2015) . However, there are other equally feasible interpretations that need to be tested, as these enhancers did not, for the most part, novelly emerge in humans. Rather, they are present in the developing brain of rhesus and mouse, albeit they gained intensity of enhancer marks (H3k27ac or H3K4me2) in human compared to mouse and rhesus tissue (Reilly et al., 2015) . This distinction highlights the challenge of interpreting genomic data derived from tissues containing complex mixes of cells across species. If, as currently thought, the developing human brain has a larger proportion of radial glia-especially outer radial glia-than other species (Lui et al., 2011) , enhancers with equivalent marking on a per-progenitor-cell basis across species might qualify as HGEs simply because these cells contribute a larger proportion to the signal in the human tissue. Therefore, HGEs from Reilly et al. might logically correspond to the ATACseq peaks reported as enriched in the GZ (which contains radial glia) compared to the CP (which does not). Thus, we cannot yet disambiguate which enhancers truly gained activity within each progenitor cell-and might be driving evolution-from those that are passengers simply reflecting the increased abundance of radial glia in human brain. Functional assays of individual enhancers clearly indicate species-specific evolution of regulatory elements has occurred (Pollard et al., 2006) , but systematically identifying them from measurements in complex-tissue samples can be non-trivial. Novel computational or molecular approaches are needed to weave these Combining this with (C) previously collected chromatin configuration data from the same regions and (D) RNA-seq allows the authors to define (F) high-confidence pairings of genes to distal regulatory elements and identify differential usage in progenitors and young neurons. They then leverage this data to (E) identify probable TFs regulating cerebral expansion and differentiation and (G) identify and functionally validate roles for novel enhancer elements. Further integrating (H) other brain epigenetic datasets and (J) human genetic-data linking regions of the genome to brain phenotype, they (I) report a data-based set of developmental and molecular factors (e.g., brain regions, developmental time points, transcription factors, regulatory elements, and target genes) through which genomic variants may influence cognitive traits and psychiatric disease risk.
same threads together at the single-cell or cell-type level across species.
Nonetheless, the resourcefully interweaved data presented here demonstrate that neuropsychiatric trait-associated loci can be unraveled into component genes and regulators, even at the current resolution of chromatin assays. Further, intersecting threads of information from ATAC-seq, Hi-C, and RNA-seq-especially if conducted in a cell-type-informed way-will enable better curation of enhancers, their targets, and putative regulatory variants. By stitching human genetics into these investigations, loci can be tied to their underlying signaling pathways regulating cognition and disease. In all, de la Torre Ubieta et al. reveal a template for how these varied threads of data can be woven together into a tapestry that may reveal the core of the human genetics of neuropsychiatric ability and disability.
